The quantitative analysis methods for bioactive compounds in mangosteen pericarp have been reported. The purpose of this study is to validate the methods of analysis for α-mangostin, γ-mangostin, and gartanin in mangosteen rind extract derived from Bogor, Purwakarta, Subang and Tasikmalaya using High Performance Liquid Chromatography (HPLC) for routine analysis. The methods employed were Enduro C-18 reverse-phase (250 mm x 4.6 mm) column chromatography systems with Photo Diode Array detector 375 nm and acetonitrile: water containing 0.1% phosphoric acid (95:5) as the mobile phase at the flow rate of 1.0 mL/min and validation methods with parameters of linearity, limit of detection and quantification, precision, and accuracy. Mangosteen rind extracts were pre-treated with the technique of solid-phase extraction (SPE). The results of this study show that the validation results meet the requirements of the standard retention time of α-mangostin at 5.801 minutes, γ-mangostin at 4.707 minutes and gartanin at 5.290 minutes. The correlation coefficient (R) for each standard were 0.999, 0.999, and 0.999, respectively. The value of recovery for the α-mangostin, γ-mangostin, and gartanin were 100.32%, 102.31%, and 101.48%, respectively. The analysis shows that the levels of α -mangostin, γ-mangostin, and gartanin from Bogor are 13.87%, 8.28% and 10.44%, respectively. The results from mangosteen pericarp extract from Purwakarta are 10.07% for α-mangostin, 6.33% for γ-mangostin, and 8.76% gartanin. Mangosteen pericarp extract from Subang has concentrations of α-mangostin at 10.88%, γ-mangostin at 6.01%, and gartanin at 8.08%. The contents of α-mangostin, γ-mangostin, and gartanin from Tasikmalaya are 8.53%, 6.07%, 17.28% respectively. This study concludes that the methods are valid and can be used for routine analysis.
INTRODUCTION
Mangosteen (Garcinia mangostana L.) as a tropical queen of fruits has become one of the Indonesian important export commodities because of its sweet-sour and pleasant taste. Fruit rinds which become waste, are usually used as traditional medicine in Thailand to alleviate diarrhoea or treatment for skin infection and wounds (Pothitirat et al., 2009 ). Many compounds have been reported to be isolated from G. mangostana rind extract, such as: α-mangostin, gartanin, γ-mangostin, 3-isomangostin (Walker, 2007; Mahabusarakam et al., 1987) . These isolated xanthones provide diverse pharmacological uses such as antimicrobial, antimalarial, antioxidant, and anti-inflammatory functions (Iinuma et al., 1996; Mahabusarakam et al., 2006; Mahabusarakam et al., 2000; Chen et al., 2008) . In the current study, xanthones of mangosteen have inhibitory effects against neuraminidase of C. perferingens (Ryu et al., 2010) . The number of studies to determine valid analytical methods to identify xanthone derivatives are still lower than those in isolating xanthone compounds (Walker, 2007) . Some studies in analytical methods for the determination of xanthones in extracts of mangosteen pericarp have been performed as reported in some literatures (Yodhnu et al., 2009; Walker, 2007; Li et al., 2013) . The development in analytical methods ensure that the methods used are valid and replicable. Validation methods of simultaneous determination of compound contained in Garcinia mangostana rind extract also facilitate methods to specify more than one compound in mixtures samples.
MATERIALS AND METHODS

Chemicals
The standard xanthones (α-mangostin, gartanin and γ-mangostin) used as references were purchased from Chengdu Biopurified, China. The solvents are HPLC grade, acquired from JT Baker ® .
Plant material and extraction
Mangosteen rinds obtained from Bogor, Purwakarta, Tasikmalaya, and Subang (West Java, Indonesia) were identified by Drs. Joko Kusmoro, MS., a scientist in Department of Biology, the Faculty of Mathematics and Natural Sciences. Samples were cleaned, cut, air-dried, and finally powdered. Fruit rinds were extracted by maceration using 900 mL of 70 % ethanol for 72 hours. The extract was dried in an oven at 40 °C.
UV Spectral Analysis
Standard mixture consisting of α-mangostin, γ-mangostin and gartanin are diluted into three concentrations. Concentrations used for α-mangostin are 2.5, 5 and 10 ppm; for γ-mangostin are 20, 40, and 80 ppm; and for gartanin are 10, 20, and 40 ppm. Each standard was analyzed with UV Spectroscopy. UV spectra collected from UV spectrophotometer (Analytikjena specord 200 ® )
and performed in range 200-400 nm resulting 375 nm for chromatograms.
Preparation of standard mixture
Stock solution of the standard mixture consisting of α-mangostin, γ-mangostin and gartanin was prepared at 2 mg/mL in HPLC grade methanol. The solution was further diluted to obtain 200, 100, 25, 10, and 5 μg/mL. The sample extracts were prepared at 500 μg/mL in the same solvent, and were further diluted to obtain 100 μg/mL. The stock solutions were filtered through 0.45 μm syringe filters.
Preparation of Samples
Pre-treatments were conducted to extract samples with Solid Phase Extraction (SPE) to obtain ± 92.50% recovery. Samples are diluted into methanol to 100 μg/mL, followed by SPE processes with C-18 cartridges 47 mm Supor ® -450 membrane purchased from Pall Corp (Michigan, US). SPE processes include conditioning them with 1 mL of methanol, sample loading (diluting extract to 100 ppm, 1 mL), washing them with 1 mL of double-distilled water, and eluting them with methanol.
RESULTS AND DISCUSSIONS
Validation Methods
System suitability such as column efficiency, resolution, plate number, and tailing factor are applied to ensure that the HPLC system is capable of providing adequate data for analysis (Ermer, 2001; Ermer and Ploss, 2005) . Plate number, resolution, tailing factor, and column efficiency are parameters in this study set to carry out analysis as shown in Table 1 . According to Table  1 , the suitability of system has met the requirements. We further analyzed the linearity of methods using five concentration variation: 5; 10; 20; 40; and 80 µg/mL. Each variation is injected into HPLC with three replications thus producing coefficient correlation value for α-mangostin, γ-mangostin, and gartanin of 0.999, 0.999, and 0.999, respectively. All of the values which exceed the value of coefficient correlation of 0.99 was valid (ICH, 1996) (as shown in Figure 1 ). Accuracy of α-mangostin, γ-mangostin, and gartanin were studied at concentration of 5, 10, 20, 40 and 80 μg/mL of each individual reference compound. The accuracy ranges between 90 and110 % with results presented in average ± SD (n = 3). Accuracy results show a range between 99.05 and 101.54% for α-mangostin, 99.77and 99.98 % for γ-mangostin, and 97.82 and 99.98% for gartanin which comply with the validation qualification in the range from 80 to 110 % for accuracy in unit concentration ranging from 1 to 10 ppm measured, and 90-107 % for accuracy in unit concentration from 10 to 100 ppm measured (AOAC, 2002) . The percentages of variation coefficient were measured for the precision analysis which considered retention time and peak area of the curves. The standard mixture was analyzed at a concentration of 20 μg/mL (n=6). Precision results indicated good reproducibility. The results of precision in method validation for α-mangostin, γ-mangostin, and gartanin based on AUC stated as RSD (%) were 1.591%, 1.663%, and 1.912%, respectively. Based on retention time, the results of variation coefficient were 0.596%, 0.439%, and 0.393% for α-mangostin, γ-mangostin, and gartanin consecutively. The precision was determined based on the Limit of Detection (LOD) and the Limit of Quantification (LOQ). LOD and LOQ are calculated to analyze the amount of α-mangostin, γ-mangostin and gartanin in mangosteen rind extract statistically calculated based on the equation of the calibration curve to the area under the peak area ratio. In method validation the values of LOD and LOQ are important in terms of characteristics. The values of α-mangostin were 0.161 ppm and 0.488 ppm, γ-mangostin 0.013 ppm and 0.039 ppm, and gartanin 0.019 ppm 5 and 0.060 ppm. These results are better than those in the previous analysis which obtained higher LOD and LOQ for α-mangostin (Popp et al., 2000) .
Results of α-mangostin, γ-mangostin and Gartanin Analysis in Mangosteen Rind Extract of Four Districts in West Java
Mangosteen pericarp extracts are given SPE pretreatment which mainly distinguishes analytes in a complex matrix by the differences of hydrophobicity. The SPE technique has been used successfully for separating organic compounds from complex samples (Zhang et al., 2016; Otles and Kartal, 2016) .
C-18 cartridges are used for hydrophobic (strongly nonpolar) types of analyte . Each step of the SPE pre-treatment required a solvent matching the hydrophobic analyte type.
For the eluting solvent, methanol may be used with intermediate polarity (Muchtaridi and Musfiroh, 2012) . Mangosteen pericarp extract which has been given SPE pre-treatment and eluted with methanol is injected to an HPLC instrumentation with a validated condition. Chromatogram results were obtained and the concentration of α-mangostin, γ-mangostin and gartanin are calculated by Area Under Curve (AUC) at each standard retention time. The analysis showed that the levels of α-mangostin, γ-mangostin, and gartanin from Bogor respectively are 13.87%, 8.28% and 10.44%. The results for mangosteen pericarp extract from Purwakarta are 10.072% for α-mangostin, 6.33% for γ-mangostin, and 8.77% for gartanin. The resuts for mangosteen pericarp extract from Subang are 10.88% for α-mangostin, 6.012% for γ-mangostin, and 8.54% for gartanin. Lastly, the α-mangostin, γ-mangostin, and gartanin contents of pericarp extracts from Tasikmalaya are 8.53%, 6.07%, and 8.64%, respectively.
CONCLUSION
These results showed that this HPLC method can be used for routine analysis of α-mangostin, γ-mangostin and gartanin from mangosteen. The optimum condition was performed using Enduro column C-18 reverse phase (250 mm x 4.6 mm), Photo Diode Array detector 375 nm, acetonitrile mobile phase and water containing 0.1 % phosphoric acid (95: 5) with a flow rate of 1.0 mL/min.
